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(57) ABSTRACT

A screen generation method of an energy management sys-
tem according to the present disclosure may include perform-
ing system visualization modeling indicating a connection
relationship between monitoring facilities in a power system
to generate a first screen; generating a file containing infor-
mation on a connection relationship between facilities used
during the first screen generation; and generating a second
screen for monitoring facilities during the real-time operation
using the generated file.
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ENERGY MANAGEMENT SYSTEM AND A
SCREEN GENERATION METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

Pursuant to 35 U.S.C. §119(a), this application claims the
benefit of earlier date and right of priority to Korean Patent
Application No. 10-2013-0029761, filed on Mar. 20, 2013,
the contents of which is incorporated by reference herein in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to an energy management
system, and more particularly, to an energy management sys-
tem capable of avoiding engineering overlap between a sys-
tem visualization modeling tool and a graphic editor to
enhance the efficiency of engineering, and a method thereof.

2. Description of the Related Art

The database of an energy management system may be
divided into three types such as an off-line database, a real-
time integrated database and a history database.

The off-line database may be used for the change operation
(addition, deletion, change) of an electric power system
model, and engineered using an off-line database editor and a
system visualization modeling tool.

The engineered off-line database as described above may
be uploaded to a real-time integrated database to be used for
the real-time operation of an energy management system.

At this time, a screen for the real-time operation should be
engineered using a graphic editor for the real-time operation.

The graphic editor as a tool for engineering the screen used
for real-time operation may engineer (create) the screen using
a real-time integrated database, and the resultant output may
be used to monitor or control during the real-time operation.

Atthis time, an off-line database editor for engineering the
off-line database and a graphic editor for engineering the
real-time integrated database will be described below.

The off-line database editor as a tool for engineering an
off-line database among the databases of the energy manage-
ment system includes the data of monitoring facilities in a
power system on the off-line database.

At this time, the off-line database editor may include a
system visualization modeling tool to input a connection
relationship between facilities, and the system visualization
modeling tool provides an environment capable of configur-
ing a connection relationship between facilities in a graphic
format to reduce human error in the connection relationship
between facilities when inputting data during the course of
general text editing. Furthermore, when storing a connection
relationship between facilities, the off-line database editor
may examine if there is any unregistered facility or if there is
any double-connected facility to reduce the engineer’s error.

The graphic editor is a tool for engineering a monitoring
screen during the real-time operation of an energy manage-
ment system. There are various kinds of monitor screens, but
the engineering of a system single line diagram screen among
them is engineered by arranging objects, and configuring (in
other words “setting”) the characteristics of the objects using
a real-time integrated database converted from an off-line
database.

Furthermore, for the single line diagram screen, there exist
a lot of screens for each region and capacity, and thus a lot of
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effort is required for engineering one by one, and there exists
an overlapping region with engineering in the system visual-
ization modeling tool.

In other words, in the related art, the operation of config-
uring an off-line database and the operation of configuring a
real-time integrated database are separately carried out from
each other.

At this time, though there exists an overlapping region
between the operation of configuring an off-line database and
the operation of configuring a real-time integrated database,
the engineering is carried out without taking it into consider-
ation, thereby causing a problem in which a lot of time and
effort is consumed.

SUMMARY OF THE INVENTION

According to an embodiment, there is provided an energy
management system capable of avoiding engineering overlap
between a system visualization modeling tool and a graphic
editor to enhance the efficiency of engineering, and a method
thereof.

Technical problems to be solved in the proposed preferred
embodiments of the invention are not restricted to the above-
described problems and other technical problems which are
not mentioned will definitely be understood by those skilled
in the art from the following description.

A screen generation method of an energy management
system according to an embodiment of the invention com-
prises performing system visualization modeling indicating a
connection relationship between monitoring facilities in an
electric power system to generate a first screen; generating a
file containing information on a connection relationship
between facilities used during the first screen generation; and
generating a second screen for monitoring facilities during
the real-time operation using the generated file.

Furthermore, said generating a first screen may include
generating a screen for the operation of changing an electric
power system model in an off-line database among the data-
bases of the energy management system.

Furthermore, said generating a first screen comprises pro-
viding an interface capable of configuring a connection rela-
tionship between facilities in a graphic format, configuring a
connection relationship between the facilities on the provided
interface, and storing data corresponding to the connection
relationship between the configured facilities.

Furthermore, the method may further comprise performing
an error check for a connection relationship configuring
between the facilities prior to storing the data, wherein said
performing an error check comprises checking if there exists
any unregistered facility on the first screen, and checking if
there exists any double-connected facility on the first screen.

Furthermore, said generating a file may comprise generat-
ing information indicating a connection relationship between
the facilities into a file in the form of Extensible Markup
Language (abbreviated as XML hereinafter).

Furthermore, the generated file may comprise at least one
additional information for reflecting (in other words includ-
ing) information contained in the file on the second screen.

Furthermore, the additional information may comprise at
least one of screen information containing the screen size
information and background color information on the gener-
ated first screen, object information containing the kind, loca-
tion, size and facility point on facilities contained in the
generated first screen, and connection information containing
connection location information between each object con-
tained in the object information.
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Furthermore, said generating the second screen comprises
reconfiguring information contained in the generated file
using a prestored conversion table.

Furthermore, said reconfiguring step may comprise recon-
figuring information contained in the generated file into an
object and symbol used on the second screen using the con-
version table.

Furthermore, said generating the second screen may com-
prise generating a second screen for real-time operation
monitoring and control in a real-time integrated database
among the databases of the energy management system.

On the other hand, an energy management system accord-
ing to the present disclosure may comprise

an off-line database configured to provide a user interface
for the operation of changing an electric power system model;
and

a real-time integrated database configured to receive and
process system data transmitted from the off-line database,
and accordingly monitor the electric power system (abbrevi-
ated as power system hereinafter) in real time,

wherein the off-line database performs system visualiza-
tion modeling indicating a connection relationship between
monitoring facilities in the power system using a first editor to
generate a first screen, and generates a file containing infor-
mation on a connection relationship between facilities used
during the generation of the first screen, and

the real-time integrated database generates a second screen
for monitoring facilities during the real-time operation on the
basis of a file generated from the first editor using a second
editor.

Furthermore, the off-line database generates information
indicating a connection relationship between the facilities as
a file in the form of XML, and the real-time integrated data-
base reads the file in the form of XML generated from the
off-line database to generate a single line diagram screen for
the real-time monitoring.

Furthermore, the generated file may comprise at least one
additional information for reflecting information contained in
the file on the second screen, and the additional information
may comprises at least one of screen information containing
the screen size information and background color informa-
tion on the generated first screen, object information contain-
ing the kind, location, size and facility point on facilities
contained in the generated first screen, and connection infor-
mation containing connection location information between
each object contained in the object information.

Furthermore, the real-time integrated database reconfig-
ures information contained in the generated file as an object
and symbol used on the second screen using a previously
stored conversion table to generate the second screen.

Advantages and features of the present disclosure, and
methods of accomplishing the same will be clearly under-
stood with reference to the following embodiments described
in detail in conjunction with the accompanying drawings.
However, the present disclosure is not limited to those
embodiments disclosed below but may be implemented in
various different forms. It should be noted that the present
embodiments are merely provided to make a full disclosure of
the invention and also to allow those skilled in the art to know
the full range of the invention, and therefore, the present
invention is to be defined only by the scope of the appended
claims. Further, like reference numerals refer to like or similar
elements throughout the specification.

In describing the embodiments of the present disclosure,
the detailed description will be omitted when a specific
description for publicly known functions or configurations to
which the invention pertains is judged to obscure the gist of

20

30

40

45

50

4

the present invention. The terms below may be changed
depending on a user or operator’s intentions or practices, or
the like, as terms defined in consideration of functions
according to an embodiment of the present disclosure.
Accordingly, the definitions should be construed on the basis
of the overall description of the specification.

It should be noted that the combinations of respective
blocks of accompanying drawings and respective steps of
flow charts may be performed by computer program instruc-
tions. The computer program instructions may be mounted on
a general-purpose computer, a special-purpose computer or a
processor in other programmable data processing equipment,
and thus the instructions performed through the computer, or
processor in other programmable data processing equipment
generate a means for performing the foregoing functions in
respective blocks of the block diagrams or in respective steps
of'the flow charts. The computer program instructions can be
also stored in a computer usable or computer readable
memory capable of directing the computer or other program-
mable data processing equipment to implement functions in a
specific manner, and thus the instructions stored in the com-
puter usable or computer readable memory may also produce
manufacturing items including an instruction means for per-
forming the functions described in respective blocks of the
block diagrams or respective steps of the flow charts. Addi-
tionally, the computer program instructions may be also be
mounted on a computer or other programmable data process-
ing equipment, and thus instructions for performing a series
of operational steps on the computer or other programmable
data processing equipment and generating a computer
executable process to perform the computer or other pro-
grammable data processing equipment, may also provide
steps for executing functions described in respective blocks
of'the block diagrams and respective steps of the flow charts.

Furthermore, each block or each step may indicate part of
a module, a segment or a code including one or more execut-
able instructions for performing a specific logical function (or
functions). Moreover, it should be noted that, in some modi-
fied embodiments of the present invention, the functions
described in the blocks or the steps may be generated out of
the order. For instance, sequentially illustrated two blocks or
steps can be actually performed at the same time, or some-
times can be performed in a reverse order according to the
corresponding functions.

In an energy management system according to the present
disclosure, engineering for defining a connection relationship
between facilities in a database is carried out through system
visualization modeling, and a single line diagram screen for
monitoring a power system during the system operation is
generated using a graphic editor.

Atthis time, the system visualization modeling and graphic
editor are individually engineered, and thus has a disadvan-
tage in which a portion of engineering is overlapped during
the system visualization modeling and single line diagram
screen generation.

Accordingly, in this embodiment, there is proposed an
effective scheme for generating a single line diagram screen
through a system visualization modeling conversion to
reduce such an engineering effort.

FIG. 1 is a view schematically illustrating an energy man-
agement system according to an embodiment of the present
disclosure.

Referring to FIG. 1, the energy management system may
comprise an off-line database 100, a real-time integrated
database 200, and a history database 300.

The off-line database 100 provides an optimized environ-
ment and a user interface for the operation of changing a
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power system model (for example, addition, deletion, change
or the like of a power system model).

To this end, the off-line database 100 uses a Relational Data
Base Management System (abbreviated as RDBMS), and
employs a Common Information Model (abbreviated as
CIM) for system model compatibility.

Data inputted to the off-line database 100 by a database
operator through a separate editor is extracted in a file format
and transmitted to the real-time integrated database 200.

The editor (specifically, off-line database editor) as a tool
for engineering the oft-line database 100 among the databases
of an energy management system reflects (in other words
inputs) the data of monitoring facilities in a power system on
the off-line database 100.

At this time, the editor may comprise a system visualiza-
tion modeling tool to enter a connection relationship between
facilities. The system visualization modeling tool provides an
environment capable of configuring a connection relationship
between facilities in a graphic format to reduce human error
in the connection relationship between facilities when enter-
ing data during the course of general text editing, and has a
symbol editing function for distinguishing it from the other
facility.

Furthermore, when storing data, the editor examines if
there is any unregistered facility, and accordingly, examines if
there is any disconnected facility or if there is any double-
connected facility on the graphic screen, thereby reducing the
engineer’s error.

At this time, diagram data generated through the editor
may be stored in the off-line database 100 as well as stored in
a separate backup storage, thereby allowing engineering even
in an emergency in which it cannot be connected to the
off-line database 100.

System data transmitted from the off-line database 100 is
uploaded to the real-time integrated database 200. The pro-
cess of uploading system data to a real-time integrated data-
base as described above may be referred to as a population
process.

When the real-time integrated database 200 is in an on-line
state through the population process, all the functions of the
host are carried out in real time based on this.

In other words, the real-time integrated database 200
acquires and processes a large amount of data in real time
from a Supervisory Control and Data Acquisition (typically,
abbreviated as “SCADA”) system as well as perform various
application programs such as economic electric power sup-
plying, automatic electric power generation control, redun-
dant electric power/auxiliary electric power service, demand
forecasting, status estimation, electric power flow calcula-
tion, and the like.

Since real-time performances are so important above all in
such an on-line environment, in case of the real-time inte-
grated database 200, a main memory-based large capacity
database management technology is used instead of a rela-
tional data base management system.

Furthermore, the real-time integrated database 200 has an
integrated database format in which different applications
approach it through a common application interface (abbre-
viated as API) provided by a relational data base management
system but is logically designed in a format that there coexist
aReal Time Database (abbreviated as RTDB) configured with
a table for processing a SCADA and Graphic User Interface
(abbreviated as GUI) in real time and an Application Com-
mon Model (abbreviated as ACM hereinatter) for application
use such as electric power generation control, system analy-
sis, and the like.
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Inparticular, in case of ACM, it is a core in the design of an
energy management system for real-time processing, and has
the following features.

The ACM stores data shared by one or more applications,
and configures a static table and a dynamic table in parallel,
and excludes the general index table structure of a relational
database, and uses entry index, entry ID (abbreviation of
Identifier), and forward point, and applies the same input/
output structure for compatibility between system analysis
applications as well as introduces a branch table and an injec-
tion table, thereby enhancing the code efficiency and perfor-
mance.

Here, the static table is data inputted in an off-line mode
and uploaded during the initialization of a real-time inte-
grated database, and the dynamic table is data updated when-
ever performing an application subsequent to loading the
real-time integrated database. Furthermore, the parallel con-
figuration with a parallel table configuration allows data
retrieval at a time with the same entry index, and the branch
table may comprise a power line, a transformer, ZBR, and the
like, and the injection table may include an electric power
generator, a phase modifier, an electric load, and the like.

Finally, the history database 300 is designed for the long-
term storage of data processed by an energy management
system, and configured on the basis of commercial RDBMS
on a separate server to periodically store the data of the
real-time integrated database 200.

The main function of the history database 300 may include
periodic data collection from the host, backup, inquiry, modi-
fication, and other functions.

Hereinafter, a system visualization modeling process and a
screen generation process will be described. The system visu-
alization modeling process is carried out by the off-line data-
base 100, and the single line diagram screen generation is
carried out by the real-time integrated database 200.

FIG. 2 isaview for explaining an apparatus for engineering
in a database according to an embodiment of the present
disclosure.

Referring to FIG. 2, the foregoing engineering is carried
out by an off-line database editor 110 including a system
visualization modeling tool 102 on the off-line database 100,
and carried out by a graphic editor 210 on the real-time
integrated database 200.

The off-line database editor 110 as a tool for engineering
the off-line database 100 among the databases of the energy
management system reflects the data of monitoring facilities
in the power system on the off-line database 100.

The off-line database editor 110 may include a system
visualization modeling tool 102 to enter a connection rela-
tionship between facilities. The system visualization model-
ing tool 102 provides an environment capable of configuring
a connection relationship between facilities in a graphic for-
mat to reduce human error in the connection relationship
between facilities when entering data during the course of
general text editing, and has a symbol editing function for
distinguishing it from the other facility. Furthermore, when
storing data, the system visualization modeling tool 102
examines if there is any unregistered facility, and examines if
there is any disconnected facility or if there is any double-
connected facility on the graphic screen, thereby reducing the
engineer’s error.

Diagram data generated through the foregoing off-line
database editor 110 may be stored in the off-line database 100
as well as in a backup file, thereby allowing engineering even
in a situation in which it cannot be connected to the off-line
database 100.
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The graphic editor 210 is an engineering tool for connect-
ing an object to the screen and storing the object in a moni-
toring file during the on-line operation using the real-time
integrated database 200. Furthermore, the graphic editor 210
is a tool for creating all screens used in an on-line state in an
energy management system as well as a monitoring single
line diagram screen in the energy management system.

At this time, in order to engineer a single line diagram
screen in the system, an object or objects provided from the
graphic editor 210 are grouped, added and arranged on the
screen using symbols used like libraries, and the attributes
should be set.

Furthermore, characteristics allowing the relevant objectto
be dynamically operated according to a value of the real-time
integrated database during the on-line operation are defined,
thereby generating a single line diagram.

Since there exist single line diagram screens for each
region and capacity in an energy management system, a lot of
effort is required to generate all single line diagrams one by
one. In particular, connection information between facilities
engineered during the system visualization modeling should
be engineered even on the single line diagram screen, and thus
overlapping efforts are required.

Furthermore, even if a physical change occurs such as
facility replacement, the off-line database 100 should be
changed through the off-line database editor 110, and screen
engineering is necessary again to reflect the changed database
and a connection relationship between facilities on the single
line diagram screen.

Accordingly, during the system visualization modeling
according to the present disclosure, connection relationship
information between each facility (object), object informa-
tion and screen information are generated and stored as sepa-
rate files.

Furthermore, the generated file is provided to the graphic
editor 210, and the graphic editor 210 generates a single line
diagram screen using the provided file.

FIG. 3 is a view illustrating a file being stored according to
an embodiment of the present disclosure.

In other words, as illustrated in FIG. 3, the off-line database
editor 110 stores information on a screen generated during the
system visualization modeling process, object information
and connection relationship information on the each object.
In other words, when the connection relationship is stored as
an additional XML file, the graphic editor 210 may reads the
XML file to automatically generate part of the single line
diagram screen, thereby avoiding the engineering overlap-
ping.

The XML file guarantees compatibility in heterogeneous
systems, and thus may be used to exchange data in different
tools.

Accordingly, when storing a connection relationship
between facilities engineered thought eh system visualization
modeling, the connection relationship between facilities is
stored as a file in the form of XML as well as the off-line
database 100.

At this time, when storing the connection relationship, the
off-line database editor 110 considers and stores the follow-
ing items.

A firstitem is screen information. In other words, a screen
generated by visualization modeling in the off-line database
editor 110 should be reflected on a single line diagram screen
in the graphic editor 210, and thus screen information such as
the size or background color of the screen should be stored.

A second item is facility (object) information. In other
words, in order to generate the single line diagram screen, the
kind, location on the screen, size, color, and connected facil-
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8

ity point information and the like of respective facilities are
required, and accordingly, when storing the connection rela-
tionship, the foregoing facility information is also stored at
the same time.

Finally, connection information between facilities should
be taken into consideration.

As described above, screen information, facility informa-
tion and connection information between facilities are stored
in the form of an XML file, and thus used to automatically
generate an object on the single line diagram screen in the
graphic editor 210.

In other words, the off-line database editor 110 generates
the XML file in consideration of items disclosed in Table 1.

TABLE 1

Object to be considered Detailed information

Screen size

Background color

Facility kind (CB, DS, TR, etc.)
Location on the screen

Screen information

Object information

Object size

Facility point
Connection relationship Connecting position between
information objects

In the Table 1, CB represents a circuit breaker, DS repre-
sents a disconnecting switch and TR represents a transformer.

On the other hand, the graphic editor 210 reads an XML file
stored during the visualization modeling and reconfigures the
XML file with its own used objects and symbols to generate
a single line diagram screen.

FIG. 4 is a view illustrating a conversion table of a graphic
editor according to an embodiment of the present disclosure.

Referring to FIG. 4, when generating a screen, the graphic
editor 210 determines the facility kind according to the fore-
going conversion table to generate the objects and symbols of
the graphic editor, and accordingly connects a facility point to
the relevant object.

At this time, an engineer configures only characteristics
that should be operated during the real-time operation on an
automatically generated screen, thereby completing the cre-
ation of a single line diagram screen.

FIG. 5 is a flow chart for explaining a screen generation
method of an energy management system for each step
according to an embodiment of the present disclosure.

Referring to FIG. 5, as described above, the off-line data-
base editor 110 performs visualization modeling for reflect-
ing the data of monitoring facilities in a power system on an
off-line database (Step 101).

At this time, the off-line database editor 110 stores screen
information, object information and connection information
on visualization modeling during the visualization modeling
process in the form of an XML file (Step 102).

Then, the graphic editor 210 receives the XML file to
automatically generate an object of the single line diagram
screen using a graphic editor conversion table (Step 103).

As described above, engineering for generating a system
single line diagram screen in an energy management system
requires a lot of time and involves human error. In particular,
a system visualization model engineering and a single line
diagram screen generation engineering causes a problem in
which time and effort are overlapped with each other.

However, according to the present disclosure, the system
visualization model engineering may be used during the
single line diagram screen generation engineering to drasti-
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cally reduce an engineering time for single line diagram
screen generation, thereby alleviating an engineer’s effort
and reducing an error.

Up to now, the present disclosure has been described
around preferred embodiments thereof, but it is merely illus-
trative but not restrictive in all aspects. It will be apparent to
those skilled in this art that various modifications and appli-
cations which are not illustrated in the above may be made
thereto without departing from the gist of the present inven-
tion. For example, each constituent element illustrated in
detail in an embodiment of the present disclosure may be
implemented in various modifications. Furthermore, all dif-
ferences associated with the modifications and applications
should be construed to be included in the scope of the present
disclosure as defined in the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.

In the drawings:

FIG. 1 is a view schematically illustrating an energy man-
agement system according to an embodiment of the present
disclosure;

FIG. 2 is aview for explaining an apparatus for engineering
in a database according to an embodiment of the present
disclosure;

FIG. 3 is a view illustrating a file being stored according to
an embodiment of the present disclosure;

FIG. 4 is a view illustrating a conversion table of a graphic
editor according to an embodiment of the present disclosure;
and

FIG. 5 is a flow chart for explaining a screen generation
method of an energy management system for each step
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

Advantages and features of the present disclosure, and
methods of accomplishing the same will be clearly under-
stood with reference to the following embodiments described
in detail in conjunction with the accompanying drawings.
However, the present disclosure is not limited to those
embodiments disclosed below but may be implemented in
various different forms. It should be noted that the present
embodiments are merely provided to make a full disclosure of
the invention and also to allow those skilled in the art to know
the full range of the invention, and therefore, the present
invention is to be defined only by the scope of the appended
claims. Further, like reference numerals refer to like or similar
elements throughout the specification.

In describing the embodiments of the present disclosure,
the detailed description will be omitted when a specific
description for publicly known functions or configurations to
which the invention pertains is judged to obscure the gist of
the present invention. The terms below may be changed
depending on a user or operator’s intentions or practices, or
the like, as terms defined in consideration of functions
according to an embodiment of the present disclosure.
Accordingly, the definitions should be construed on the basis
of the overall description of the specification.

It should be noted that the combinations of respective
blocks of accompanying drawings and respective steps of
flow charts may be performed by computer program instruc-
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tions. The computer program instructions may be mounted on
a general-purpose computer, a special-purpose computer or a
processor in other programmable data processing equipment,
and thus the instructions performed through the computer, or
processor in other programmable data processing equipment
generate a means for performing the foregoing functions in
respective blocks of the block diagrams or in respective steps
of'the flow charts. The computer program instructions can be
also stored in a computer usable or computer readable
memory capable of directing the computer or other program-
mable data processing equipment to implement functions in a
specific manner, and thus the instructions stored in the com-
puter usable or computer readable memory may also produce
manufacturing items including an instruction means for per-
forming the functions described in respective blocks of the
block diagrams or respective steps of the flow charts. Addi-
tionally, the computer program instructions may be also be
mounted on a computer or other programmable data process-
ing equipment, and thus instructions for performing a series
of operational steps on the computer or other programmable
data processing equipment and generating a computer
executable process to perform the computer or other pro-
grammable data processing equipment, may also provide
steps for executing functions described in respective blocks
of'the block diagrams and respective steps of the flow charts.

Furthermore, each block or each step may indicate part of
a module, a segment or a code including one or more execut-
able instructions for performing a specific logical function (or
functions). Moreover, it should be noted that, in some modi-
fied embodiments of the present invention, the functions
described in the blocks or the steps may be generated out of
the order. For instance, sequentially illustrated two blocks or
steps can be actually performed at the same time, or some-
times can be performed in a reverse order according to the
corresponding functions.

In an energy management system, engineering for defining
a connection relationship between facilities in a database is
carried out through system visualization modeling, and a
single line diagram screen for monitoring a power system
during the system operation is generated using a graphic
editor.

Atthis time, the system visualization modeling and graphic
editor are individually engineered, and thus has a disadvan-
tage in which a portion of engineering is overlapped during
the system visualization modeling and single line diagram
screen generation.

Accordingly, in this embodiment, there is proposed an
effective scheme for generating a single line diagram screen
through a system visualization modeling conversion to
reduce such an engineering effort.

FIG. 1 is a view schematically illustrating an energy man-
agement system according to an embodiment of the present
disclosure.

Referring to FIG. 1, the energy management system may
include an oftf-line database 100, a real-time integrated data-
base 200, and a history database 300.

The off-line database 100 provides an optimized environ-
ment and a user interface for the operation of changing a
power system model (for example, addition, deletion, change
or the like of a power system model).

To this end, the off-line database 100 uses a relational data
base management system (abbreviated as RDBMS), and
employs a common information model (abbreviated as CIM)
for system model compatibility.

Data entered to the off-line database 100 by a database
operator through a separate editor is extracted in a file format
and transmitted to the real-time integrated database 200.
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The editor (specifically, off-line database editor) as a tool
for engineering the oft-line database 100 among the databases
of an energy management system reflects the data of moni-
toring facilities in a power system on the off-line database
100.

At this time, the editor may include a system visualization
modeling tool to enter a connection relationship between
facilities. The system visualization modeling tool provides an
environment capable of configuring a connection relationship
between facilities in a graphic format to reduce human error
in the connection relationship between facilities when enter-
ing data during the course of general text editing, and has a
symbol editing function for distinguishing it from the other
facility.

Furthermore, when storing data, the editor examines if
there is any unregistered facility, and accordingly, examines if
there is any disconnected facility or if there is any double-
connected facility on the graphic screen, thereby reducing the
engineer’s error.

At this time, diagram data generated through the editor
may be stored in the off-line database 100 as well as stored in
a separate backup storage, thereby allowing engineering even
in an emergency in which it cannot be connected to the
off-line database 100.

System data transmitted from the off-line database 100 is
uploaded to the real-time integrated database 200. The pro-
cess of uploading system data to a real-time integrated data-
base as described above may be referred to as a population
process.

When the real-time integrated database 200 is in an on-line
state through the population process, all the functions of the
host are carried out in real time based on this.

In other words, the real-time integrated database 200
acquires and processes a large amount of data in real time
from a supervisory control and data acquisition (abbreviated
as SCADA) system as well as perform various application
programs such as economic power supplying, automatic
power generation control, redundant power/auxiliary power
service, demand forecasting, status estimation, electric power
flow calculation, and the like.

Since real-time performances are so important above all in
such an on-line environment, in case of the real-time inte-
grated database 200, a main memory-based large capacity
database management technology is used instead of a rela-
tional data base management system.

Furthermore, the real-time integrated database 200 has an
integrated database format in which different applications
approach it through a common application interface (abbre-
viated as API) provided by a relational data base management
system but is logically designed in a format that there coexist
areal time database (abbreviated as RTDB) configured with a
table for processing a SCADA and graphic user interface
(abbreviated as GUI) in real time and an application common
model (abbreviated as ACM) for application use such as
generation control, system analysis, and the like.

In particular, in case of ACM, it is a core in the design of a
energy management system for real-time processing, and has
the following features.

The ACM stores data shared by one or more applications,
and configures a static table and a dynamic table in parallel,
and excludes the general index table structure of a relational
database, and uses entry index, entry ID, and forward point,
and applies the same input/output structure for compatibility
between system analysis applications as well as introduces a
branch table and an injection table, thereby enhancing the
code efficiency and performance.
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Here, the static table is data entered in an off-line mode and
uploaded during the initialization of a real-time integrated
database, and the dynamic table is data updated whenever
performing an application subsequent to loading the real-time
integrated database. Furthermore, the parallel configuration
with a parallel table configuration allows data retrieval at a
time with the same entry index, and the branch table may
include a line, a transformer and the like, and the injection
table may include a generator, a phase modifier, a load, and
the like.

Finally, the history database 300 is designed for the long-
term storage of data processed by the energy management
system, and configured on the basis of commercial RDBMS
on a separate server to periodically store the data of the
real-time integrated database 200.

The main function of the history database 300 may include
periodic data collection from the host, backup, inquiry, modi-
fication, and other functions.

Hereinafter, a system visualization modeling process and a
screen generation process will be described. The system visu-
alization modeling process is carried out by the off-line data-
base 100, and the single line diagram screen generation is
carried out by the real-time integrated database 200.

FIG. 2 isaview for explaining an apparatus for engineering
in a database according to an embodiment of the present
disclosure.

Referring to FIG. 2, the foregoing engineering is carried
out by an off-line database editor 110 including a system
visualization modeling tool 102 on the off-line database 100,
and carried out by a graphic editor 210 on the real-time
integrated database 200.

The off-line database editor 110 as a tool for engineering
the off-line database 100 among the databases of the energy
management system reflects the data of monitoring facilities
in a power system on the off-line database 100.

The off-line database editor 110 may include a system
visualization modeling tool 102 to enter a connection rela-
tionship between facilities. The system visualization model-
ing tool 102 provides an environment capable of configuring
a connection relationship between facilities in a graphic for-
mat to reduce human error in the connection relationship
between facilities when entering data during the course of
general text editing, and has a symbol editing function for
distinguishing it from the other facility. Furthermore, when
storing data, the system visualization modeling tool 102
examines if there is any unregistered facility, and examines if
there is any disconnected facility or if there is any double-
connected facility on the graphic screen, thereby reducing the
engineer’s error.

Diagram data generated through the foregoing off-line
database editor 110 may be stored in the off-line database 100
as well as in a backup file, thereby allowing engineering even
in a situation in which it cannot be connected to the off-line
database 100.

The graphic editor 210 is an engineering tool for connect-
ing an object to the screen and storing the object in a moni-
toring file during the on-line operation using the real-time
integrated database 200. Furthermore, the graphic editor 210
is a tool for creating all screens used in an on-line state in a
energy management system as well as a monitoring single
line diagram screen in the energy management system.

At this time, in order to engineer a single line diagram
screen in the system, an object or objects provided from the
graphic editor 210 are grouped, added and arranged on the
screen using symbols used like libraries, and the attributes
should be set.
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Furthermore, characteristics allowing the relevant objectto
be dynamically operated according to a value of the real-time
integrated database during the on-line operation are defined,
thereby generating a single line diagram.

Since there exist single line diagram screens for each
region and capacity in the energy management system, a lot of
effort is required to generate all single line diagrams one by
one. In particular, connection information between facilities
engineered during the system visualization modeling should
be engineered even on the single line diagram screen, and thus
overlapping efforts are required.

Furthermore, even if a physical change occurs such as
facility replacement, the off-line database 100 should be
changed through the off-line database editor 110, and screen
engineering is necessary again to reflect the changed database
and a connection relationship between facilities on the single
line diagram screen.

Accordingly, during the system visualization modeling
according to the present disclosure, connection relationship
information between each facility (object), object informa-
tion and screen information are generated and stored as sepa-
rate files.

Furthermore, the generated file is provided to the graphic
editor 210, and the graphic editor 210 generates a single line
diagram screen using the provided file.

FIG. 3 is a view illustrating a file being stored according to
an embodiment of the present disclosure.

In other words, as illustrated in FIG. 3, the off-line database
editor 110 stores information on a screen generated during the
system visualization modeling process, object information
and connection relationship information on the each object.
In other words, when the connection relationship is stored as
an additional XML file, the graphic editor 210 may reads the
XML file to automatically generate part of the single line
diagram screen, thereby avoiding the engineering overlap-
ping.

The XML file guarantees compatibility in heterogeneous
systems, and thus may be used to exchange data in different
tools.

Accordingly, when storing a connection relationship
between facilities engineered thought eh system visualization
modeling, the connection relationship between facilities is
stored as a file in the form of XML as well as the off-line
database 100.

At this time, when storing the connection relationship, the
off-line database editor 110 considers and stores the follow-
ing items.

A firstitem is screen information. In other words, a screen
generated by visualization modeling in the off-line database
editor 110 should be reflected on a single line diagram screen
in the graphic editor 210, and thus screen information such as
the size or background color of the screen should be stored.

A second item is facility (object) information. In other
words, in order to generate the single line diagram screen, the
kind, location on the screen, size, color, and connected facil-
ity point information and the like of respective facilities are
required, and accordingly, when storing the connection rela-
tionship, the foregoing facility information is also stored at
the same time.

Finally, connection information between facilities should
be taken into consideration.

As described above, screen information, facility informa-
tion and connection information between facilities are stored
in the form of an XML file, and thus used to automatically
generate an object on the single line diagram screen in the
graphic editor 210.
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In other words, the off-line database editor 110 generates
the XML file in consideration of items disclosed in Table 1.

TABLE 1

Object to be considered Detailed information

Screen size

Background color

Facility kind (CB, DS, TR, etc.)
Location on the screen

Screen information

Object information

Object size

Facility point
Connection relationship Connecting position between
information objects

In the Table 1, CB represents a circuit breaker, DS repre-
sents a disconnecting switch and TR represents a transformer.

On the other hand, the graphic editor 210 reads an XML file
stored during the visualization modeling and reconfigures the
XML file with its own used objects and symbols to generate
a single line diagram screen.

FIG. 4 is a view illustrating a conversion table of a graphic
editor according to an embodiment of the present disclosure.

Referring to FIG. 4, when generating a screen, the graphic
editor 210 determines the facility type according to the fore-
going conversion table to generate the objects and symbols of
the graphic editor, and accordingly connects a facility point to
the relevant object.

At this time, an engineer configures only characteristics
that should be operated during the real-time operation on an
automatically generated screen, thereby completing the cre-
ation of a single line diagram screen.

FIG. 5 is a flow chart for explaining a screen generation
method of an energy management system for each step
according to an embodiment of the present disclosure.

Referring to FIG. 5, as described above, the off-line data-
base editor 110 performs visualization modeling for reflect-
ing the data of monitoring facilities in a power system on an
off-line database (Step 101).

At this time, the off-line database editor 110 stores screen
information, object information and connection information
on visualization modeling during the visualization modeling
process in the form of an XML file (Step 102).

Then, the graphic editor 210 receives the XML file to
automatically generate an object of the single line diagram
screen using a graphic editor conversion table (Step 103).

As described above, engineering for generating a system
single line diagram screen in an energy management system
requires a lot of time and involves human error. In particular,
a system visualization model engineering and a single line
diagram screen generation engineering causes a problem in
which time and effort are overlapped with each other.

However, according to the present disclosure, the system
visualization model engineering may be used during the
single line diagram screen generation engineering to drasti-
cally reduce an engineering time for single line diagram
screen generation, thereby alleviating an engineer’s effort
and reducing an error.

Up to now, the present disclosure has been described
around preferred embodiments thereof, but it is merely illus-
trative but not restrictive in all aspects. It will be apparent to
those skilled in this art that various modifications and appli-
cations which are not illustrated in the above may be made
thereto without departing from the gist of the present inven-
tion. For example, each constituent element illustrated in
detail in an embodiment of the present disclosure may be
implemented in various modifications. Furthermore, all dif-
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ferences associated with the modifications and applications
should be construed to be included in the scope of the present
disclosure as defined in the accompanying claims.
What is claimed is:
1. A system visualization modeling method for an energy
management system, the method comprising:
displaying on a display of the energy management system
a first screen comprising a schematic diagram including
a plurality of objects corresponding to facilities to be
monitored in an electric power system;
arranging one or more connections between the plurality of
objects corresponding to connections between the facili-
ties to be monitored;
generating a file comprising information on the arranged
connections between the facilities and information of
the first screen;
storing the generated file in a memory of the energy man-
agement system; and
displaying on the display a second screen for monitoring
the facilities during a real-time operation of the energy
management system according to the generated file
stored in the memory, wherein the second screen com-
prises the information of the first screen and the sche-
matic diagram indicating the connection between facili-
ties;
wherein the generated file further comprises:
screen information comprising screen size and background
color information of the first screen;
object information related to a kind, location, size, and
facility type of one or more facilities contained in the
generated first screen; and
connection information related to connection location
information between each object of the object informa-
tion.
2. The method of claim 1, wherein the first screen com-
prises:
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an interface for changing the schematic diagram of the
electric power system in an off-line database.
3. The method of claim 1, wherein the first screen com-
prises:
an interface for configuring the one or more connections
between facilities in a graphic format;
configuring the one or more connections between the
facilities on the provided interface; and
storing data corresponding to the one or more connections.
4. The method of claim 3, further comprising:
performing an error check for the one or more connections
between the facilities prior to storing the data; wherein
the error check comprises:
checking if there are any unregistered facilities on the first
screen; and
checking if there are any double-connected facilities on the
first screen.
5. The method of claim 1, wherein the generated the cor-
responds to an XML format file.
6. The method of claim 1, wherein the second screen com-
prises:
reconfiguring information of the generated file using a
prestored conversion table.
7. The method of claim 6, wherein the reconfiguring infor-
mation comprises:
information indicating an object and symbol used on the
second screen corresponding to the information of the
generated the using the conversion table.
8. The method of claim 1, wherein the second screen com-
prises:
an interface for real-time operation monitoring and con-
trolling an integrated database of the energy manage-
ment system.



